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This study investigates the process that assess-
es the economic efficiency of implementing an
investment project aimed at managing the infor-
mation potential of energy enterprises, taking
into account digital coherence factors.

The task addressed relates to the lack of a
holistic methodology that could make it possible
to quantitatively assess the economic efficiency
of managing the information potential of energy
enterprises, taking into account the level of digi-
tal coherence.

A methodology for assessing the economic
efficiency of managing the information poten-
tial of energy enterprises in the context of digital
coherence has been devised and substantiated.
The methodology was considered as an integrat-
ed tool for diagnosing, analyzing, and predict-
ing the effectiveness of management decisions
based on the consistency of digital, analytical,
organizational, and strategic components of the
enterprise.

The methodology makes it possible to assess
the economic efficiency of using information
potential, taking into account digital coherence,
identifying imbalances in the digital architecture,
and justifying management decisions regarding
the optimization of digital resources and trans-
formations in the energy sector.

A system of quantitative criteria and indica-
tors has been formed to assess the economic effi-
ciency of information potential management of
energy enterprises, which reflects the level of digi-
tal coherence and allows for an objective analysis
of the results of digital transformation.

The methodology has been tested using an
example of Zaporizhzhia Power Plant, which
made it possible to trace the economic efficien-
cy index that increased from 0.295 to 0.616, which
confirms a more than twofold increase in the effec-
tiveness of information potential management
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1. Introduction

- take into account changes in digital data on the param-

At present, at many power plants, digital technologies
are used locally, applying a modular construction prin-
ciple, which limits the construction of a single compre-
hensive system for managing the information potential of
enterprises. To this end, it is necessary to devise and form
a system of criteria and indicators for assessing the level
of management of the information potential of an energy
enterprise. In connection with the use of information re-
sources in the technological process at energy enterpris-
es (power plants, substations, electrical networks), it is

necessary to:

- switch to digital models of information potential

management,

eters of the technological process;

- conduct digital training of operational personnel at the
power plant;

—adapt information potential management to external
and internal threats.

To take into account the economic and organizational as-
pects in the activities of energy enterprises, it is necessary to
apply a comprehensive approach to assessing the information
potential of energy enterprises.

Under conditions of military threats and risks, the issue
of optimizing information potential management using
information resources becomes critically important. At
the same time, in the context of growing volumes of digital
resources and growing threats and risks, conventional ap-
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proaches to assessing information potential management
do not make sense.

Thus, the relevance of related research is predetermined
by the need to devise a methodology for assessing the effec-
tiveness of managing an enterprise's information potential
under conditions of digital coherence.

2. Literature review and problem statement

It is shown in [1] how computer information process-
ing affects the economic results of the institution through
improved managerial decision-making, reduced costs, and
faster execution of business operations. One of the useful
aspects of the study is the emphasis on electronic modern-
ization. The authors believe that the integration of electronic
tools is a key factor in the successful management of energy
systems. However, the question of how computer information
processing affects the economic results of energy enterprises
remains unanswered. Possible reasonable factors for this are
the lack of a unified approach to the quantitative assessment
of information, the difficulty of isolating economic profit
from digitalization, the insufficient degree of integration of
computerized systems in the institution and the confusing
lack of interconnection of digital information.

In study [2], the authors focus on electronic technologies
used in production, on the information management system,
and on increasing productivity through automation. The im-
plementation of automated process control systems (ACS TP)
is a positive aspect that makes it possible to assess the infor-
mation resource of the enterprise within the framework of
the entire electronic structure at the enterprise. However, the
authors note the problem of insufficiently developed methods
for a comprehensive assessment of the economic impact of
information resource management, especially in the case
of an electronically conducted institution. This is due to the
fact that comprehensive indicators of economic impact still
require systematic consideration.

In work [3], electronic technologies and automation are
considered as a way to increase the efficiency of management
and production operations. The use of ACS is interpreted as
one of the ways to design the information structure of an
institution, which makes it possible to see its information
resource as a component of a holistic electronic environment.
However, the authors signal that there are still unresolved
issues, in particular, with a consistent assessment of the
economic efficiency of information resource management,
which is associated with the lack of a comprehensive system
analysis. In addition, one can note insufficient research into
the issue of information consistency of the administrative,
production, and electronic components of an institution,
which determines the efficiency of their interaction.

In [4], the strategic importance of merging electronic
technologies into classical production schemes is empha-
sized, considering the importance of information consis-
tency. A favorable aspect of the study is the emphasis on
the importance of the electronic structure of the institution.
However, the issue of a formalized method for assessing the
economic impact of electronic modernizations in informa-
tion management has not been resolved. The likely reasons
are the dominance of qualitative descriptions of operations
over quantitative modeling, the lack of a single algorithm that
takes into account the relationship between the level of elec-
tronic consistency, and the impact of management decisions.

In [5], the effect of information technologies on the eco-
nomic impact and productivity of institutions is considered,
with special emphasis on the interaction of subsystems in
the context of electronic consistency. A positive aspect of the
study is the emphasis on the importance of merging differ-
ent subsystems into a single electronic environment, which
makes it possible to achieve higher returns for the institution.
However, the authors highlight the difficulties of a fragment-
ed approach to assessing the impact of electronic initiatives,
which complicates the formation of a holistic picture of the
economic feasibility of electronic solutions. This is due to the
dominance of technical descriptions and the lack of economic
justification of the consequences of electronic modernization,
as well as the need to unify indicators for assessing the eco-
nomic effect of electronic compliance.

Work [6] also focused on the effect of information technol-
ogies on the economic impact of institutions, highlighting the
importance of combining subsystems to increase productivity
in a holistic electronic environment. The main advantage of
the study is the recognition of the need to coordinate electronic
solutions within the institution to ensure optimal economic
results. However, despite this, the questions of a complete
analysis of the economic feasibility of such solutions remain
unanswered. The reason is the heterogeneity of approaches
to assessing the impact and the lack of common methods for
determining the economic effect of electronic integrity, which
narrows the possibilities of a comprehensive assessment of the
economic benefits of electronic innovations.

In [7], the attention is paid to the need for e-leadership
to achieve competitiveness by merging electronic tools in
the business model. A favorable factor for the study is the
importance of e-management capabilities in constructing
flexible governance models. However, the issue of systemat-
ically assessing the impact of e-leadership on the return on
management of information resources of institutions has not
been resolved. The likely reason is that emphasis is mostly
on general strategies for electronic modernization without a
detailed analysis of the economic consequences of electronic
changes at the level of individual subsystems.

In [8], the use of electronic twins in production systems is
justified in order to increase the return on management deci-
sions. A positive factor of the study is the feasibility of using
virtual models for scenario modeling and cost reduction. How-
ever, the issue of merging electronic twins into a complex sys-
tem for assessing the economic return on management of in-
formation resources has not been resolved. These reasons may
relate to the narrow focus of the study on the technological side
of electronic twins without taking into account the consisten-
cy with other information components of the institution. In
addition, no technique for numerically assessing the economic
impact of implementing electronic twins within the informa-
tion resource of the institution has been proposed; there is no
connection with the indicators of electronic consistency.

Work [9] considers the impact of intelligent products and
connected systems on changes in the competitive environ-
ment. A positive aspect of the study is the new opportunities
for electronic modernization through the collection and analy-
sis of information under the reality mode. However, the issues
of merging intelligent products into the system for assessing
the impact of managing the information resource of energy
enterprises remain unanswered. The likely reasons are fo-
cusing on strategic advantages without proper analysis of the
economic consequences for the information infrastructure of
the institution. In addition, there is no model for assessing the



economic impact of implementing solutions in the context of
integrated information resource management; the aspects of
electronic consistency between technological, analytical, and
organizational subsystems are not taken into account.

In [10], attention is on the systemic fusion of electronic
technologies, cyber-physical systems, and automated produc-
tion control systems. A positive aspect of the study is the re-
lationship between IT solutions and production subsystems,
which contributes to the formation of a cellular electronic
environment. However, the issues of comprehensive assess-
ment of the impact of electronic fusion at energy institutions,
in particular regarding the relationship between technolog-
ical modernization, information compliance, and economic
efficiency, have remained unresolved. The likely reasons are
the lack of mechanisms for measuring the economic effect
of such integration and the lack of indicators that take into
account the compliance of information, management and
technological components.

Electronic modernization and informatization were con-
sidered: in [11] - in relation to the structure of the institution's
information resource; [12] - in the context of electronic strat-
egies of energy companies; [13] - in relation to the economic
aspects of the implementation of ACS TP and information
management. A remarkable feature is the practical orienta-
tion of studies. The proposed solutions are focused on opti-
mizing production and management operations, which is im-
portant for the energy sector. However, the issue of devising
unified approaches to numerical assessment of the impact of
electronic modernization of the information resource at en-
ergy enterprises, taking into account the industry specificity
and risks of functioning in an unstable energy market, has
not been resolved. The likely reason is insufficient adaptabil-
ity to the specificity of energy institutions. In addition, some
elements of electronic modernization are presented univer-
sally without taking into account the characteristics of ther-
mal power plants, such as interaction with APCS systems,
technological inertia or specific risks of the energy market.

Based on our review of the literature [1-13], the following
unresolved problems of assessing the economic efficiency of
managing the information potential of energy enterprises in
the context of digital transformation can be identified:

—lack of integrated models of economic efficiency of
information potential management, which take into account
both direct (cost reduction) and indirect effects (reduction of
downtime, increased reliability of management decisions,
avoidance of information losses);

- insufficient development of methods for controlling the
economic efficiency of digital changes, as well as the lack of
criteria that would make it possible to distinguish between
effective and ineffective digital initiatives at the level of indi-
vidual elements of the enterprise's information infrastructure;

- ignoring the cost of transformational changes and the
investment payback level, which complicates decision-mak-
ing on the feasibility of digital projects;

- economic efficiency is often considered as a static indi-
cator, without taking into account the costs of implementa-
tion, personnel training, and modernization of information
technologies (IT);

-lack of differentiated models for assessing economic
efficiency depending on the level of digital maturity of the
enterprise, its technological cycle or scale of activity;

- universal approaches do not take into account that the
effectiveness of digital integration processes is a variable
value that significantly depends on the current level of tech-

nological, organizational and information development of the
energy enterprise;

- weak integration of information and analytical systems
into the economic planning system, which makes it impossi-
ble to quickly adapt management decisions to changes in the
external or internal environment;

— there is a gap between digital data and the system of
economic management of the information potential of the
energy enterprise;

- the relationship between the degree of coherence of
information flows and the financial results of the enterprise
remains at the level of a hypothesis, without a confirmed
empirical model;

— lack of systematic adaptation of global models of digital
transformation to the conditions of the Ukrainian energy sec-
tor, where efficiency is affected by factors of external insta-
bility: energy market, currency risks, regulatory uncertainty,
infrastructure restrictions.

Thus, the problem of quantitative assessment of the
economic efficiency of information potential management
of energy enterprises, taking into account the level of digital
coherence, is multifaceted and requires a comprehensive ap-
proach to its solution. To achieve sustainability and competi-
tiveness of enterprises, it is necessary to take into account not
only economic indicators but also environmental and social
consequences, as well as improve organizational structures
and methodologies for managing the information potential
of energy enterprises. This will allow for a more in-depth
and objective assessment of economic efficiency, taking into
account the level of digital coherence.

3. The study materials and methods

The purpose of our study is to devise a methodology for
assessing the economic efficiency of managing the informa-
tion potential of energy enterprises, taking into account the
factors of digital coherence, which allows for the formation
of effective management decisions in the process of digital
transformation of energy enterprises.

To achieve this goal, the following tasks were set:

- to determine the stages of a comprehensive methodol-
ogy for assessing the economic efficiency of managing the
information potential of an energy enterprise based on de-
termining the criteria and indicators for assessing economic
efficiency after the implementation of investments;

- to examine the results based on the practical application
of the proposed methodology for assessing the economic ef-
ficiency of managing the information potential of an energy
enterprise using the example of an investment project regard-
ing the implementation of a digital twin as part of the ACS TP
of the power unit at the Zaporizhzhia Power Plant.

4. The study materials and methods

The object of our study is the process of assessing the eco-
nomic efficiency of the implementation of an investment proj-
ect aimed at managing the information potential of an energy
enterprise, taking into account digital coherence factors.

The hypothesis of the study assumes that the integration
of digital coherence factors (level of digital maturity, stability
of digital infrastructure) into the assessment of the economic
efficiency of investment projects for managing information po-



tential makes it possible to achieve reliability and validity of the
results. This, in turn, contributes to making effective manage-
ment decisions, increasing the effectiveness of investment activi-
ties and accelerating the digital transformation of the enterprise.

When implementing the methodology for assessing eco-
nomic efficiency, a number of assumptions of the study were
taken into account:

- stability of technological infrastructure - it is assumed
that during the period under review, the basic digital platforms
of the enterprise did not undergo any fundamental changes;
this simplifies the preparatory and diagnostic stage of the
analysis, but may underestimate the impact of modernizations;

- linear dependence between the level of digital coher-
ence and economic effect — adopted for the stage of identifi-
cation of components of information potential, which makes
it possible to simplify the mathematical model, but ignores
possible effects of threshold values;

- homogeneity of equipment operating conditions - as-
sumed for the stage of determination of economic efficiency
indicators in order to avoid the influence of specific fac-
tors (energy load) on economic effi-

1. Stage No. 1 - preparatory and diagnostic, which deter-
mines:

- identification of the components of the information
potential: a systematic analysis of the available information
resources, the level of digital competencies of personnel, as
well as the availability of digital development strategies is
carried out;

- formulation of the goals of information potential man-
agement in accordance with the general strategy of the enter-
prise (increasing productivity, reducing accidents, ensuring
cyber resilience, etc.);

- initial diagnostics of digital coherence by assessing the
consistency between the technical, organizational and ana-
lytical components;

- formation of a list of input indicators that are selected as
quantitative (average transaction time) and qualitative (digi-
tal maturity indices, readiness for change);

- organization of a primary data collection system based
on the development of a survey plan, integrations for auto-
mated collection of technical information.

ciency.
Thus, the study makes it possible
to obtain a generalized and suitable for

STAGES OF THE METHODOLOGY FOR ASSESSING THE ECONOMIC EFFICIENCY
OF MANAGEMENT OF THE INFORMATION POTENTIAL OF AN ENTERPRISE

strategic planning index of econom-

~z

ic efficiency but requires additional
checks and corrections when used for
short-term forecasts or comparisons
between different enterprises.
Conventional methods of informa-
tion potential management have limita-
tions [14, 15] such as a low speed of in-

Stage

— identification of the components of information potential;
— formulation of IP management goals;

1 — initial diagnostics of digital coherence;

— formation of a list of input indicators;

— organization of a primary data collection system

Preparatory and diagnostic:

formation processing; lack of integrated

A4

analysis in real time; high probability of
personnel errors; insufficient consisten-

cy between information systems [16]. ~
The implementation of a digital Stage
twin makes it possible [17] to combine 2

data from all information subsystems

— specification of components of information potential
(IT infrastructure; knowledge and data base; level of digital competencies of
operational personnel; information strategy; digital channels of interaction)

Identification of components of information potential:

into a single digital coherent model;

~z

to perform analytics and forecasting
of equipment conditions; to optimize
maintenance costs; to increase the ac-

curacy of management decisions [18]. Stage

— quantitative assessment of the consequences of using information solutions
(reduction of time for technological operations; reduction of maintenance
costs; reduction of the number of accidents and failures)

Determining economic efficiency indicators:

~

5. Results of devising a
comprehensive methodology for
assessing the economic efficiency
of managing the information
potential of an energy enterprise

Stage

L — involvement of an expert group to establish weights;
— assessment of economic effects in monetary terms;
— determination of costs for implementation of I[P components

Formation of weighting coefficients:

5.1. Defining the stages in a

7

methodology for assessing the

economic efficiency of managing — calculation of index Ingizr based on initial data;
— visualization of results (graphs, dynamics over time, comparison between
enterprises)

the information potential of an [ Stage

energy enterprise
Devising a comprehensive meth-

Calculation of the economic efficiency index /ngizr

%_I(}:‘_:}_F "

odology for assessing the economic ef-

Z

ficiency of managing the information Stage
potential of an energy enterprise un- 6

Interpretation of results and recommendations

der the conditions of digital coherence
includes several stages (Fig. 1), each of
which has its specific characteristics:

Fig. 1. Flowchart of stages in the methodology for assessing the economic efficiency
of managing the information potential of an energy enterprise



At this stage, the information potential is considered as
system (Fj,) of (k) components (1)

Enf (k) = (Rinf’Tinf’cdig’Hinf’Sinf"')’ (1)
where R;,s - information resources;

Tin - IT infrastructure;

Cyig — digital competence of personnel;

H;p - data processing and storage systems;

Siny — communication and data transmission channels.

2. Stage No. 2 - identification of components of informa-
tion potential, on the basis of which the key components of IP
are specified on the basis of the previous stage:

- IT infrastructure (servers, networks, cloud services);

- knowledge and data base (volumes, systematization,
relevance);

-level of digital competencies of personnel (evaluation
results);

- information strategy (availability, goals, compliance
with business strategy);

- digital interaction channels (automated control system
of APCS, etc.).

This stage reflects the degree of availability, maturity, and
balance of the main components of the information potential
at the energy enterprise. Its main function is to quantitatively
assess the completeness of the formation of the information
potential as a system, that is, how well the key components
are developed.

3.Stage No. 3 - determination of economic efficiency
indicators from information potential management, which
includes a quantitative assessment of the consequences of
using information solutions:

- reduction of the time of technological operations;

- reduction of maintenance costs;

- reduction of accidents and failures;

- improvement of quality of management decisions;

- increase of productivity of IT personnel.

At this stage it is proposed to calculate the change of
efficiency as a result of implementation of digital solutions
and to obtain direct economic effect after implementation
of digital technologies on management of IP according to
expression (2)

Ey :(PPBl _PPBO )_(CI/l _CVD )’ @)

where Egr is the economic effect indicator after the imple-
mentation of digital technologies for IP management;

Ppp is the profit after the implementation of digital tech-
nologies for IP management;

Pppy is the profit before the implementation of digital
technologies for IP management;

Cy, is the cost after the implementation of digital technol-
ogies for IP management;

Cyy is the cost before the implementation of digital tech-
nologies for IP management.

The economic effect of increasing the productivity of
information activities is an indicator that reflects the impact
of increasing the efficiency of processing, creating or using
information on the overall economic result of the enterprise
as a result of implementing information potential manage-
ment measures.

A positive economic effect from improved productivity of
information activities is observed when Egg > 0. The larger the
volume of high-quality information and the higher the digital

efficiency, the higher the economic effect. Also, the shorter the
average processing time, the higher the economic effect.

4. Stage No. 4 - formation of weight coefficients (w;) for
the correct calculation of the economic efficiency index, for
which it is necessary:

- to involve an expert group to establish weights;

— to assess economic effects in monetary or relative terms;

- to determine the costs of implementing the components
of information potential.

Formation of weight coefficients (w;) is a critical stage
for ensuring the objectivity of a comprehensive assessment
of economic efficiency. The involvement of experts makes
it possible to take into account strategic and technological
priorities, while economic standardization supports decisions
with substantiated financial data.

To build a system of weight coefficients (w;), which deter-
mine the importance of each measure, component or direction
of investment in information potential management for further
objective calculation of the integral index of economic efficiency.

It is proposed to calculate from expression (3) the weight
coefficient (w;) through the normalization of expert assessment

w=— 3

where w; is the weighting coefficient of the i-th economic
efficiency indicator;

S; is the score of the expert assessment of the significance
of the i-th measure;

S; is the expert assessment of the significance of the j-th
component of the information potential (or its management
measure), which is given by an expert or a group of experts.

Each component j (for example, IT infrastructure, digital
competence of personnel, etc.) receives a certain quantitative
assessment of significance (S;), which shows how important
this component is for achieving overall economic efficiency.
Such assessments can be in points, for example, on a scale
from 0 to 1. After each component has received its score (Sj),
all assessments are summed up, and each weight w; is also
determined as a share of the assessment (S;) to the total sum
of assessments. Therefore, S; is a quantitative assessment of
the significance of each component (given by the expert), and
not some variable from the formula - this is the input value
required for calculating the weighting coefficients (w;). In
this case, equality (4) must be fulfilled - the sum of all weight
coefficients (w;) is equal to unity

_Zn: o, =1, @)

This means that all indicators of economic efficiency
when weighed will be comparable, regardless of their num-
ber or absolute values.

5. Stage No. 5 - calculation of the economic efficiency index
of information potential management of an energy enterprise.

To do this, the following is performed:

- calculation of the economic efficiency index based on
initial data;

- visualization of results (graphs, dynamics over time).

The economic efficiency of information potential is not
the cost of digitalization, but the benefits that it brings to
the enterprise through increased efficiency, profitability and
sustainability.



Possible integration with indicators of economic efficien-
cy of the energy enterprise system is considered, in particular
through indicators: assessment of the economic effect of
preventing downtime (Ingp4); return on investment (Ingoy);
digital coherence index (In,x); personnel productivity (Inpy).

Thus, the economic efficiency of information potential
management is a conditional aggregated index based on nor-
malized values of Ingy 4; Ingor; Igy; Inpr.

It is proposed to calculate the economic efficiency index
of information potential management (Ingg) based on the
normalized values of the indicators: Inga; Ingor; g Inpr,
according to expression (5)

InEkEf =0, 'ZnSLA +a, 'ZnROI RICA 'ank T, 'anl’ ®
where Inggy is the index of economic efficiency of informa-
tion potential management;

Ing; 4 is the indicator of the assessment of the economic
effect of preventing downtime, failures and accidents;

Ingoy is the indicator of return on investment;

Ing is the index of digital coherence;

Inp; is the indicator of personnel productivity;

w1, Wy, W3, W4 — weighting coefficient for the index of indi-
cators Ingga; Ingor; Ingk; Inpy, respectively.

The indicator of the assessment of the economic effect
of preventing downtime, failures and accidents (Ingy4) de-
termines the standardized parameters of the quality of IT
services (availability, response time, recovery time, etc.).

In the context of the information potential of an energy
enterprise:

- high InSLA indicators indicate the stability of the digi-
tal infrastructure, which contributes to the continuity of the
technological process and the reduction of operating costs;

- the InSLA indicator is used to assess the economic
effect of preventing downtime, failures and accidents and is
calculated from expression (6)

SLA

AT
In =T" 100%, ()
4

where Ing4 — indicator for assessing the economic effect of
preventing downtime, failures and accidents;

AT,ps — reduction in system downtime (shows how many
hours of unplanned downtime are reduced after the im-
plementation of measures, which can be achieved through
forecasting breakdowns, automatic control or optimization
of equipment operation);

T, - total system downtime (hours).

Thus, the Ing 4 indicator makes it possible to numeri-
cally assess the benefit of preventing accidents and failures
and is used as an important indicator of the effectiveness of
implementing digital technologies or management solutions
at power plants.

Return on investment (Ingo;) shows what profit or eco-
nomic effect is obtained from investments in IT solutions or
a system for managing the information potential of an energy
enterprise and is calculated from expression (7)

EE . —Inv
In,  —_—__ya ~

-100%, @)
Inv

where Ingoy is the profitability index (%);
EEy, is the economic effect of reducing downtime, fail-
ures, accidents;

Inv is the total cost of implementing and maintaining
solutions (investments are the total costs of purchasing, in-
stalling, training personnel, and maintaining an IT system)
for managing information potential.

An explanation of the economic essence of the profit-
ability of investments in obtaining the economic effect of
systems for managing the information potential of an energy
enterprise is given:

—if Ingor > 0%, the investment pays off and is profitable;

—if Ingor < 0%, the investment is unprofitable (costs ex-
ceed the effect);

—if Ingo; = 100%, this means that the effect is twice as
high as the costs.

Approximate standards for the profitability index in the
electric power industry:

— Ingor > 20-25% is a good indicator for long-term invest-
ments in IT/IP in the energy sector;

- Ingor > 50% - highly profitable project;

- Ingor < 0% — requires strategy revision.

The profitability indicator (Ingo;) is a universal and under-
standable indicator for assessing the success of information
potential management, which makes it possible to you to com-
bine financial results with technological efforts. The profit-
ability indicator (Ingoy) should be mandatory in the system for
evaluating digital initiatives at energy enterprises. In addition,
this indicator makes it possible to reasonably assess how prof-
itable the implementation of digital tools was in information
potential management. The profitability indicator (Ingor) com-
bines technical and economic aspects and is a key indicator of
the financial efficiency of any digital transformation.

Thus, the profitability indicator (Ingo;) is an indicator of
the economic feasibility of digital investments that makes it
possible:

- to assess the effectiveness of specific projects (automa-
tion, modernization);

- to compare efficiency between enterprises;

- to form investment priorities.

The calculation of the digital coherence index (Ingy) is
based on the aggregation of partial digital coherence indices
taking into account their weighting according to expression (8)

Ing =0 -Ing+o,-In.+o,-In, . +o, In, ®

where Ing - digital coherence index;

Injs - strategic coherence index;

Ingc - technological compatibility index;

Ingc - analytical integrity index;

Incs - cyber resilience index;

w1, Wy, W3, w4 — weighting coefficient for the index of indi-
cators Injs; Inrc; Inac; Incs, respectively.

Personnel productivity indicator under digital coherence
conditions (Inpy) reflects the efficiency of using human poten-
tial in the information environment of an energy enterprise,
taking into account access to data, digital tools, and organi-
zational integration (9)

_ Qinf 'Edig

In, =N ©)

avg
where Inp; — personnel productivity indicator in digital coher-
ence conditions;

Qins— volume of processed or created qualitative informa-
tion for the period (expert quantitative assessment of infor-
mation processed by an employee for a certain time);



Eg;y € [0;1] - digital efficiency coefficient - a normalized
index of digital transformation, which by expert method re-
flects the level of automation, digital maturity, use of ICT in
a specific unit or enterprise as a whole;

Tayg — average time spent on one information opera-
tion (hours/day), which reflects the efficiency and speed of in-
formation processing by personnel (the smaller the T, value,
the faster one operation is performed);

N - number of employees who participated in informa-
tion activities.

Thus, the stages of a comprehensive methodology for as-
sessing the economic efficiency of managing the information
potential of an energy enterprise have been defined.

5.2.Testing the proposed methodology for assess-
ing the economic efficiency of managing the informa-
tion potential of energy enterprises

The proposed methodology for assessing the economic
efficiency of managing the information potential of energy
enterprises under conditions of digital coherence was tested
using an example of Zaporizhzhia Power Plant. Based on
formulas (3) to (9), calculations of key indicators for assess-
ing the economic efficiency of managing the information
potential were carried out, with realistic input initial data on
Zaporizhzhia Power Plant. The initial data before and after
the implementation of the digital twin for calculating the
economic efficiency of managing the information potential
of ZPP (2021) are given in Table 1.

According to formula (6) and initial data (Table 1), the
indicator for assessing the economic efficiency of preventing
downtime, failures, and accidents was calculated (Table 2):

- before implementing the digital twin: there is no eco-
nomic effect from preventing downtime, failures, and acci-
dents, losses are equal to the baseline: Ing 4 = 0;

- after implementing the digital twin: Ingy 4 = 33%).

The value of the accident indicator of the assessment
of the economic effect from preventing downtime, failures,
and accidents (Ing; 4 = 33%) after the implementation of the
digital twin at the Zaporizhzhia power plant made it possible:

- to reduce equipment downtime by 33.3%;

- to reduce annual losses by 20 million UAH;

- to increase the economic efficiency of the power unit by
a third compared to the baseline.

In accordance with formula (7) and the initial data (Table 1),
the return on investment indicator was calculated (Table 2):

- before implementing the digital twin: Ingo; = 0;

- after implementing the digital twin: Ingo; =~ 67%.

Before implementing the digital twin, the economic effect
was equal to the amount of investment, the profitability was 0%,
that is, the invested funds did not bring additional profit. The
value of Ingo; = 67% indicates that the economic effect is twice as
high as the costs, and the investment is highly profitable.

The implementation of the information potential man-
agement system and the digital twin in the ACS TP of ZPP
power unit made it possible:

- to achieve an economic effect of 20 million UAH per year,

- with investments of 12 million UAH, it ensured profit-
ability of ~67%, which is a highly profitable and strategically
appropriate solution for the further development of the enter-
prise’s information infrastructure.

According to formula (8) and the initial data (Table 1), the
digital coherence index indicator (Table 2) was calculated:

- before implementing the digital twin In,, =0.581;

- after implementing the digital twin: In;K =0.744.

Table 1

Initial data for calculating indicators of economic efficiency
of information potential management before and after the
implementation of a digital twin in the process control
system of the power unit of Zaporizhia Power Plant

Indicator value
Indicator Before | After
DT DT
T,ps — system downtime (hours) 120 80
AT, — loss reduction (%) - 40
Cyar — cost of one hour of downtime of the power
plant (UAH/hour); 500000 | 500000

EE;,. - annual savings after implementing a digital

twin (mln. UAH) - 20
>.In - total investments in the creation, implementa-| 12
tion and maintenance of a digital twin (mln. UAH)
Qjny — volume gf proces.sed or c.reated qualitative 1000 | 1200
information (units)
Ving — cost of a unit of processed information (UAH) | 16 19

Ege - digital efficiency ratio: automation level (0 +1) | 0.50 0.75

Tuyg — average time spent on one information

operation (hours) 0.6 0.5

N, - average number of employees involved in 3 3

information processing (persons)
In, - investments for the implementation of a _ 12
digital twin), UAH million

Inys - strategic coherence index (0 + 1) 0.62 0.78
Ingc - technological compatibility index (0 + 1) 0.60 0.72
Inyc - analytical integrity index (0 + 1) 0.58 0.71
Incs - cyber resilience index (0 + 1) 0.50 0.65
wy(Ings) - weighting factor for Injc 0.30 0.30
w,(Ings) — weighting factor for Ingc 0.25 | 0.25
ws(Inys) — weighting factor for In,c 0.25 0.25
w4(Incs) — weighting factor for Incs 0.20 0.20

Note: USD 1 is equivalent to UAH 42 as of 10/10/2025.

The In., =0.744 value shows a sufficiently high level of
digital coherence of the Zaporizhzhia Power Plant after im-
plementing the digital twin (for comparison: Inzgx < 0.5 - low
level of digital coherence; 0.5 < Inzx < 0.7 — medium level;
Inzg > 0.7 - high level.

According to formula (9) and initial data (Table 1), the
personnel productivity indicator was calculated under digital
coherence conditions (Table 2):

- before implementing the digital twin: In;p; = 104.17;

- after implementing the digital twin: In,p; = 225;

- relative productivity growth: AL p; = 116%.

The implementation of the digital twin doubled personnel
productivity:

- before implementing the digital twin — 104 units/hour/
employee;

— after the implementation - 225 units/hour/employee;

- the growth was 116%.

This reflects the effectiveness of using digital tools, au-
tomation, and organizational integration. The Inp; indicator
makes it possible to quantitatively assess the benefits of digi-
tal transformation for human potential.

To determine a comprehensive assessment of the level of
economic efficiency of managing the information potential
of the energy enterprise of ZPP, it is advisable to use the
economic efficiency index (Inggy), which takes into account



the influence of four key normalized indicators according to
expression (6) to (9).

In accordance with formula (5) and the data of the
calculated economic indicators Ins;4; Ingor; Inzg; InPy, the
economic efficiency index (Ingyg) was calculated before and
after implementing the digital twin in the ACS TP of ZPP
power unit. The results of the calculations of the economic
efficiency index of managing the information potential before
and after implementing the digital twin in the ACS TP of

- the return on investment index (Ingo;) increased by 67%,
which indicates the effective use of resources invested in dig-
italization;

— the service level index (Ingy4) increased by 33.3%, that is,
the stability and quality of technological processes increased;

- the smallest increase was recorded for the Ingg indi-
cator (28%), which may indicate the gradual nature of cost

savings that appear over time.

ZPP power unit for 2021 are given in Table 2. 140
A comparative analysis of the results of calculating 120 116 109
the economic efficiency indicators of information poten- 100
tial management (Table 2) revealed a significant increase =%
. o ; . .. . o 80 67
in all indicators after the implementation of a digital twin )
in the ACS TP of the power unit of ZPP power plant: i) 60
- the accident rate was reduced by 33%; © 40 33 28
- the return on investment reached 67%; 20 l .
- digital coherence increased from an average (0.58) to 0
a high level (0.74); ISLA ROl InZK Pl InEKEf

- personnel productivity increased by 116%;

- the economic efficiency index (InEKEf) increased from
0.295 to 0.616, which confirms a more than twofold increase
in the effectiveness of information potential management.

In general, the results indicate the achievement of
high economic efficiency and digital consistency of processes
after implementing digital twin. These results confirm the
hypothesis that taking into account digital coherence factors
when assessing investment projects provides greater reliabil-
ity and validity of management decisions.

Table 2

Results of calculating economic efficiency indicators before and
after the implementation of a digital twin in the ACS TP of ZPP

Result Change,
No. Indicator Before | After |(increase)
DT DT %
Ing;4 — economic efficiency indicator
1 | from preventing downtime, failures | 0% |33.3% | + 33.3
and accidents, %
3 Ingor — return on investment in the 0% |~67% 167
IP management system, %
3 Ingg - digital c.oherena.a index, con- 0581 | 0.744 | +28.0
ventional units
Inp; - personnel productivity indica-
4 | tor in digital coherence conditions, |104.17 | 225 + 116
conventional units
Inggs - economic efficiency index of
5 | information potential management, | 0.295 | 0.616 | + 109
conventional units

Based on the data in Table 2, a chart (Fig. 2) was construct-
ed, which depicts an increase in economic efficiency indicators
after implementing digital twin at the energy enterprise ZPP.
This chart reflects the change in percentage (%), which charac-
terizes the increase in each indicator after implementing digital
twin in the ACS TP of ZPP power unit relative to the baseline
level (“before implementation”). The chart (Fig. 2) shows that:

- the largest increase is the information process pro-
ductivity index Inp; = 116%, which indicates a significant
increase in the speed, consistency, and reliability of informa-
tion processing after implementing digital twin;

-the economic efficiency index (Ingg) increased
by 109%, which confirms the overall improvement of the
economic results of the energy enterprise;

Fig. 2. Chart of the increase in economic efficiency indicators
after the implementation of a digital twin in automated process
control systems of the power unit at Zaporizhzhia Power Plant

Thus, the implementation of the digital twin ensured a
comprehensive increase in the economic efficiency of the
power plant, in particular by optimizing the management of
information flows, increasing the transparency of processes
and timely diagnostics of deviations.

Thus, our results indicate that the implementation of
the digital twin contributed to a significant increase in the
economic efficiency of managing the information potential
of the power plant. The greatest growth was recorded in the
indicators of the productivity of information processes and
the integral index of economic efficiency, which confirms the
synergistic effect of digitalization. The improvement of the
indicators of the profitability of investments and the level of
service demonstrates an increase in the efficiency of resource
use and the stability of technological processes. Thus, the
digital twin has become an effective tool for increasing the
effectiveness of management decisions and the long-term
competitiveness of the energy enterprise.

Among the recommendations for effective management
of the information potential of energy enterprises under the
conditions of digital coherence, the following can be noted:

-regarding increasing the adaptability of ACS TP: im-
plementation based on the implementation of digital twins;

- ensuring digital coherence by integrating IT infrastruc-
ture, data, analytical models and personnel into a single
information environment;

- monitoring the effectiveness of digital transformations
by implementing a cost-effectiveness index tracking system;

- reducing dependence on external influences by imple-
menting elements of cyber resilience and autonomous man-
agement of information flows.

6. Results of devising a comprehensive methodology for
assessing the level of economic efficiency of information
potential management: discussion and summary

A comprehensive methodology for assessing the econom-
ic efficiency of information potential management of an en-
ergy enterprise under the conditions of digital coherence has



been proposed, which has shown high sensitivity to changes
in the structure of information potential management of en-
ergy enterprises.

The proposed methodology (Fig. 1) is an important tool
for managing the information potential of energy enterprises,
but it is shown that its effectiveness depends on the possibil-
ity of using it as a diagnostic tool for predicting the effective-
ness of digital coherence.

Unlike the methodologies reported in [19-21], in which
the assessment of the economic efficiency of digitalization is
carried out mainly through aggregated financial indicators,
without taking into account the structural complexity of the
information environment, the proposed methodology makes
it possible to us to define the stages:

- taking into account the multidimensional nature of the
enterprise’s information potential;

- key resources, processes, and components that form
the information potential of the enterprise, including IT
infrastructure, personnel, data transmission channels, and
information quality;

- indicators of economic efficiency and digital efficiency;

- quantitative assessment of the impact of digital tech-
nologies (automation, digital maturity) on the productivity of
information activities and economic results of the enterprise;

- priority and significance of various components of
information potential, ensuring correct aggregation of indi-
cators into an economic efficiency index.

It is these stages, defined within the proposed methodolo-
gy, that make it possible to move from a superficial financial
assessment to a deep analysis of the structural complexity of
the information environment of an energy enterprise. This
provides an assessment of information potential - as a system
that includes digital infrastructure and the level of digital
coherence.

The result of forming an economic efficiency index tak-
ing into account digital coherence — becomes possible due
to a phased analysis of the priority of the components of
information potential and their impact on productivity and
economic results. This approach makes it possible to assess
the current state and predict the effectiveness of digital initia-
tives, identify weaknesses in management, and form substan-
tiated recommendations for strategic development.

The proposed methodology for assessing the economic
efficiency of information potential management was tested
based on the analysis of actual data on the Zaporizhzhia
Power Plant in 2021. The results of testing the methodology
allowed us to determine the change in the economic effi-
ciency index, which was calculated taking into account the
implementation of a digital twin, improving the quality of
information, digital efficiency of personnel, and reducing
time spent on information operations. The methodology
allowed us to determine the real economic efficiency of
implementing a digital twin, as well as to assess the impact
of digital coherence - that is, how well the digital, techno-
logical, managerial, and information components of the
enterprise work.

According to the results of testing the methodology, the
dynamics of the economic efficiency index were determined.
The data in Table 2 indicate the effectiveness of the proposed
assessment methodology - it makes it possible to identify
weaknesses in the management of information potential and
shows the effectiveness of implemented digital initiatives.

A direct relationship between the level of digital maturity
of information environment management and the overall

efficiency of the enterprise has been shown. This depen-
dence confirms the correctness of the applied methodology
for assessing the economic efficiency of IP management, the
numerical results of which are given in Table 2.

An analysis of the increase in economic efficiency indica-
tors after the implementation of a digital twin at the energy
enterprise ZPP (Fig. 2) was conducted:

- the greatest increase was demonstrated by the informa-
tion process productivity index Inp; = 116%, which indicates
a significant increase in the speed, consistency and reliability
of information processing after implementing digital twin;

-the economic efficiency index (Ingig) increased
by 109%, which confirms the overall improvement of the
economic results of the energy enterprise;

- the return on investment index (Ingo;) increased by 67%,
which indicates the effective use of resources invested in dig-
italization;

— the service level index (Ing;4) increased by 33.3%, that is,
the stability and quality of technological processes increased;

- the smallest increase was recorded for the Inyx indi-
cator (28%), which may indicate the gradual nature of cost
savings that appear over time.

Our methodology assumes the availability of structured
and complete data on the information potential of the enter-
prise, including indicators of IT infrastructure, digital matu-
rity of personnel, and the quality of information processes,
which is not always available in practice. The effectiveness
of the assessment significantly depends on the accuracy of
determining the weighting coefficients that aggregate the
indicators into an index of economic efficiency, and errors
in their calculation can distort the results. In addition, the
methodology is focused mainly on enterprises that are at the
stage of active digital transformation and may be less effec-
tive for organizations with a low level of digital maturity or a
conservative management structure.

During the implementation of the methodology for
assessing economic efficiency, a number of shortcomings
were identified that can be eliminated in the process of
further improving the model. The development of stages
for assessing the economic efficiency of managing the in-
formation potential of an investment project is a complex
systemic process that requires flexibility and adaptation
to the specificity of a particular enterprise. Therefore, it is
necessary to refine the mechanism for taking into account
changes in the digital maturity of the enterprise and ensure
a more accurate correction of economic efficiency indices in
dynamics, in particular under conditions of rapid changes
in the external environment.

Further development of this methodology can be aimed
at automating the assessment process through a digital
platform for monitoring information potential, as well as ex-
panding its application in order to form a single standard for
assessing digital efficiency.

7. Conclusions

1. We have shown that the development of stages in the
methodology for assessing the economic efficiency of infor-
mation potential management of an investment project is a
complex systemic process. This involves a phased determi-
nation of the structure of information potential, assessment
of the digital maturity of the enterprise, calculation of partial
and integral indices of economic efficiency. Each stage plays



an important role in forming a comprehensive picture of the
level of effectiveness of information potential management of
energy enterprises. The main stages of the economic efficiency
assessment process have made it possible to determine the cri-
teria and indicators for assessing economic efficiency; to per-
form calculations of key indicators (Ingsp4, Ingoy, Inzk, Inpp); to
form an index of economic efficiency of information potential
management (Ingg). That has made it possible to objectively
assess the investment project after the implementation of a
digital twin in the ACS TP of the power unit at Zaporizhzhia
Power Plant. The stages defined provide not only the system-
atization of approaches to measuring efficiency but also form
an information basis for making management decisions on
further improving the digital infrastructure of the enterprise.

2. The proposed methodology is practically applicable for
industrial energy facilities that are in the process of digital
transformation. Its testing on the example of Zaporizhzhia
TPP showed high sensitivity to changes in the structure of
information potential and the level of digital coherence. The
implementation of a digital twin and an information poten-
tial management system at ZPP doubled the economic effect
and provided a highly profitable investment (Ingo; = 67%),
confirming the effectiveness of the digital transformation of
ZPP enterprise. The results obtained show that the economic
efficiency index (Ingygy) is reliably correlated with actual in-
dicators of productivity, economic efficiency and reliability of
the ZPP power unit. The implementation of the methodology
makes it possible to to identify periods of peak efficiency of
the use of information potential; to identify risk areas in the
management of information flows; to optimize the structure
of information potential to achieve maximum synergy be-
tween the technical and personnel components.
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